Fertilizer studies employing both pure and mixed stands of several prairie grasses, both seeded and natural have been reported in the literature.
These reports, however, have been conflicting.
A Wyoming study by Rauzi et al. (1968) demonstrated that production from warmseason grasses in native pastures was not increased by N fertilization. However, in a British Columbia study, applied N was effective in increasing forage production on some, but not all, native ranges (Hubbard and Mason, 1967) . In their study, residual effects of fertilizer application produced yield increases six years after initial usage.
Residual effects of range fertilization were found to be beneficial in research reported by Read (1969) . Rogler and Lorenz (1957) reported that N increased the production of Northern Great Plains rangelands.
Similar responses have been reported by Goetz (1969) and Johnston et al. (1968) . In Montana, Black (1968) found that combinations of N and P produced forage yields significantly greater than yields from the use of N alone. The responses were greatest in the year of fertilization, but residual effects on forage yield were significant one to two years later.
In Nebraska, Warnes and Newell (1969) and Warnes et al. (1971) son species (Huffine and Elder, 1960) and some weeds (Owensby et al., 1970) in the fertilized stands of the desired warm-season species.
Realizing the inconsistency of reports in the literature and the need for further work with additional nutrients, this study was designed to measure the response of a seeded mixture of warm-season prairie grasses to the application of N, P, K, S and Zn. The soil was classified as a Crofton silt loam, a Typic Usthorthent by the 7th approximation classification system. This soil, formed under grass vegetation, occurs on moderate to steep slopes of 5 to 40% and is well drained. It is a highly eroded soil with a low organic matter content.
Rapid to moderate surface runoff occurs with most rainfall intensities. Thickness of the solum ranges from 6 to 15 inches while the depth to free lime varies from 0 to 8 inches. This soil is highly calcareous (pH 7.0 to S.O+), has a high exchangeable K content (325 ppm) but is low in available P (1.5 ppm) as measured by the Bray procedure.
in 1967, 1968, and 1970 . The protein content of the plant tissue, as measured by the Kjeldahl procedure described by Bremner (1965) was recorded in 1967, 1968, and 1970 . The samples collected in 1970 were also analyzed for P, K, Ca, Mg, Zn, Cu, Fe and Mn (Knudsen and Hassan, 1969) and the percentage of digestible dry matter (Tilley and Terry, 1963) . In 1971, the botanical composition of the mixture was measured according to the method described by Burzlaff (1966) .
Results

Forage Yields
Nitrogen as 33-O-O was surface applied each year while P as o-46-0, K as O-0-60, S as "Sol-U-Sul," and Zn as an NTA chelate were broadcast on alternate years. All nutrients were applied after May 15. Treatments were replicated 4 times in a randomized complete block design.
Forage yields were increased by fertilization in three of the four years of the study (Table 1) . Applied treatment had no effect on yields in 1968 when precipitation during the growing season was below normal. In 1967, forage production was increased by the use of both 40 and 80 lb. N/acre. The largest increase resulted from the first 40 lb. increment.
The addition of 20 lb. P/acre to 80 lb. N/ acre produced an additional increase in yield, but raising the P rate to 40 lb./acre had no effect. The four-year yield totals also show the beneficial effect of the combination of N and P on forage production of the warm-season prairie grass mixture. Yields were increased approximately one ton/ acre by each 40 lb. increment of N without added P. The use of P combined with the N produced an additional yield response. These data show that the combination of N and P is needed for maximum forage production. These four-year yield totals also show that K, S and Zn had no measurable influence on forage yields.
Analysis of Plant Tissue
The nutrient content of the mature forage collected in 1970 was not altered by fertilizer treatment. Differences were due to random variation.
The tissue sampled in 1968 was considerably higher in protein than tissue collected in 1967 or 1970 (Table 2) ; but considering the low REHM ET I4L. The weed content was fairly uni- fertilization.
Botanical Composition Discussion
yields in 1968, this observation may be explained, in part, by plant dilution.
In general, fertilizer treatment had no consistent effect on the protein content of the mature tissue.
Except for 1968, fertilization increased protein production. In 1967, the use of both N and a combination of N and P increased the protein yield. During this year, the two N rates were equally effective in their influence on the amount of protein produced. In 1970, protein production from the application of 40 lb. N/acre was not different from that produced by the check treatment. Protein production was, however, increased by the application of 80 lb. N/acre. The use of P produced no further increases.
The application of K, S, and Zn had no effect on protein production throughout the study.
In order to obtain another measure of forage quality, the tissue from the 1970 harvest was analyzed for digestible dry matter. Utilizing these percentages as well as the yield data, the amount of digestible dry matter produced per acre was determined (Table 3 ). This data showed that fertilizer usage had no influence on the percentage of digestible dry matter in the mature tissue. The production of in vitro digestible dry matter was increased, however, by the use of both N and the combination of N and P.
One of the chief criticisms of fertilizing warm-season prairie grasses has been that this practice stimulates the growth of cool-season species and weeds. Although the seeded mixture included big bluestem, swi tchgrass, Indiang&ss and sideoats grama, the predominant species after four years were big bluestem and sideoats grama (Table  4) . No Indiangrass could be detected in any of the treatments.2
The percentage of big bluestem and sideoats grama in the mixture 2 The authors wish to thank Mr. Dewey Teel, Holt County Ag-ricultural Extension Agent, for his excellent assistance in determining the vegetation inventory. Warnes and Newell (1969) , Warnes et al. (1971) , and Burzlaff et al. (1968) , had shown that warm-season prairie grasses would respond to the use of N. The data from this study support these earlier findings.
Previous work in Nebraska by
In addition, there was a marked response to the use of 20 lb. P/acre, illustrating the importance of the combination of N and P on soils with low or very low levels of available P.
There was no indication of a response to K, S or Zn throughout the study. Apparently, the K content of the soil (325 ppm) was sufficient to supply the K requirements of the forage produced in this study. Because of the low organic matter content and the calcareous nature of the soil, it was thought that the grasses might respond to the use of S and Zn. The data show, however, that neither nutrient increased forage yields.
The fertilizer applied over the four-year period at the rates shown did not change the soil level of N, P and K as measured by standard laboratory procedures (data not shown).
In addition, there was very little, if any, downward movement of N and P. Calculations of nutrient recoveries show that only small amounts of the added fertilizer were recovered in the plant tissue.
Either higher rates will have to be applied to bring about changes in soil nutrient levels or different laboratory procedures will be needed to detect the small changes that may take place.
In addition to yield, these nutrients were evaluated with respect to their effect on forage quality. In this study, fertilization had no effect on the protein content of the forage tissue. These data are not in agreement with reported work with bluestem range by Moser and Anderson (1964) or native Northern Plains rangeland by Rogler and Lorenz (1957) . It should be pointed out here that protein determinations were made on mature tissue collected at harvest. It is highly possible that differences in protein content could have been detected if samples had been collected at earlier stages of maturity.
The fact that the percentage of digestible dry matter in the tissue was not altered by fertilization would agree with conclusions reached by Blaser (1964) who, after reviewing the literature, reported that stage of maturity rather than fertilization had a greater influence on the digestible dry matter in forage tissue.
After four years of fertilization the primary grasses of the mixture were big bluestem and sideoats grama and the percentage of each was not altered by fertilization. No Indiangrass could be detected and the percentage of switchgrass was rather small in all treatments. It appears that factors other than fertilization were responsible for the failure of these two grasses to become established.
Fertilization did not increase encroachment by cool-season grasses or weeds. Researchers from other states, however, have reported that fertilization of established stands of warm-season grasses has increased growth of cool-season species (Owensby et al., 1970) and weeds (Huffine and Elder, 1960) . In this study, the lack of encroachment by the undesirable plants may be due, in part, to the fact that fertilization was delayed until after May 15th of each year. It was thought that by delaying application, the nutrients would be more readily used during the period of active growth of the warmseason species. Studies are now in progress to determine the effect of timing of fertilizer applications on the yield and quality of the warm-season prairie species.
